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TIME ADJUSTMENT DEVICE,
TIMEKEEPING DEVICE WITH A TIME
ADJUSTMENT DEVICE, AND A TIME
ADJUSTMENT METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

Japanese Patent applications No.(s) 2007-179926 and
2008-038370 are hereby incorporated by reference 1n their
entirety.

FIELD OF INVENTION

The present mnvention relates to a time adjustment device
that corrects the time based on signals from a positioning,
information satellite such as a GPS satellite, to a timekeeping
device that has the time adjustment device, and to a time
adjustment method.

DESCRIPTION OF RELATED ART

The Global Positioning System (GPS) for determining the
position of a GPS recerver uses GPS satellites that circle the
Earth on a known orbit, and each GPS satellite has an atomic
clock on board. Each GPS satellite therefore keeps the time
(referred to below as the GPS time) with extremely high
precision.

Japanese Unexamined Patent Appl. Pub. JP-A-HI1-
211858 (paragraphs [0002] and [0003]) teaches a radio-con-
trolled timepiece that 1s similar to a GPS device that uses GPS
satellites but that analyzes the time code contained in a long-
wave standard time signal to correct the displayed time
instead of using GPS satellite signals or a method of correct-
ing the time based on GPS time information.

The time mformation transmitted 1n a GPS satellite signal
1s updated on a predetermined cycle. Japanese Unexamined
Patent Appl. Pub. JP-A-H11-125666 teaches technology for
predicting the GPS time information after being updated at
this predetermined period, predicting the time of the next
GPS time signal, and using this predicted time to acquire the
positioning information for the device location. Measuring
the pseudo range to the GPS satellite and determining the
current position 1s therefore possible even when the reception
environment 1s not 1deal.

Japanese Unexamined Patent Appl. Pub. JP-A-H10-82875
teaches a method of correcting the time using the time infor-
mation (GPS time) from a GPS satellite.

This method acquires the navigation message at full power
(that 1s, with the CPU runming and other parts operating)
immediately after the power 1s turned on. The time 1nforma-
tion contained in the acquired navigation message 1s then
acquired and the time 1s calculated. The time 1s then calcu-
lated and the timing for the next correction i1s determined from
the relationship between the precision of the crystal that gen-
erates the reference clock signal of the GPS device and the
required precision of the timepiece. More specifically, the
time when the next navigation message will be acquired
(when the CPU 1s stopped and a sleep mode 1s active) 1s
determined. The navigation message 1s then acquired again
after the sleep mode ends, and the time 1s corrected based on
the time information acquired from the navigation message.

With thus method, however, power consumption rises
because more time 1s required to acquire the navigation mes-
sage after waking from the sleep mode or just after the power
turns on. Acquiring the navigation message 1s also unsuitable
when reducing power consumption 1s desirable. In addition,
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2

the next time for correcting the time information 1s calculated
from the relationship between the precision of the crystal that
generates the reference clock signal of the GPS device and the
required precision of the timepiece. The timing when the time
1s corrected must therefore be adjusted 1n each individual
device.

SUMMARY OF INVENTION

A time adjustment device, a timekeeping device with the
time adjustment device, and a time adjustment method
according to preferred aspects of the present invention recerve
time data efliciently 1n a short time and enable correcting the
time without greatly increasing the power consumption.

A time adjustment device according to a first aspect of the
invention includes a reception unit that receives a satellite
signal transmitted from a positioning information satellite, a
time information generating unit that generates time imforma-
tion, a generated time information storage unit that stores the
time information generated by the time information generat-
ing unit as generated time information, and a starting infor-
mation generating unit that generates information before the
beginning of a specific unit of the satellite signal that 1s
transmitted 1n specific units from the positioning information
satellite as before-starting information based on the generated
time information. The reception unit has a starting unit that
starts searching for the positioning information satellite at a
predetermined timing based on the before-starting informa-
tion, and a stopping unit that detects the specific unit of the
satellite signal and stops searching for the positioming infor-
mation satellite. The generated time information 1s corrected
at the timing when the reception unit stops.

In this aspect of the invention the reception unit searches
for a positioning information satellite from a predetermined
time before the beginnming of a specific unit of the satellite
signal until the signal starts, and has a stopping unit that
detects the specific unit of the satellite signal and stops recep-
tion. The generated time information 1s adjusted to the time
when the reception unit stops. As aresult, the time adjustment
device can correct the time with a shorter signal reception
time.

In the time adjustment device according to another aspect
ol the invention the specific unit of the satellite signal includes
satellite time information that 1s time information from the
positioning information satellite, and the reception umit
includes a decision unit that acquires the satellite time 1nfor-
mation and determines if the satellite time information 1s
correct. This time adjustment device additionally has a satel-
lite time 1nformation storage unit that stores the satellite time
information determined by the decision unit to be correct as
correct satellite time information; and a time adjustment unit
that produces corrected display time information by correct-
ing the generated time information based on the correct sat-
cllite time information.

With this aspect of the invention the reception umit gets the
satellite time information from the positioning information
satellite, that 1s, the Z count, and has an evaluation unit that
determines 1f the acquired satellite time information 1s cor-
rect. If the evaluation unit determines the information 1s cor-
rect, the time information of the time display unit 1s corrected
based on that satellite time 1nformation.

As aresult, the time adjustment device can correct the time
at a predetermined timing independently of the device per-
formance, and can reliably set the correct time because the
time 1s adjusted based on satellite time 1nformation that was
determined to be correct.
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Further preferably, the time adjustment device according to
another aspect of the mvention additionally has a threshold
value offset evaluation unit that determines 1f the difference,
which 1s the current time adjustment amount, between the
generated time information and the satellite time information
1s outside the range of a threshold value offset, which 1s a time
offset corresponding to the time passed since the generated
time information when the time was last adjusted. The time
adjustment unit does not adjust the generated time informa-
tion based on the current satellite time information if the
threshold value offset evaluation umt determines that said
difference 1s outside the threshold value ofiset range.

This aspect of the invention has a threshold value ofifset
evaluation unit that determines 11 the current time adjustment
amount of the time adjustment unit exceeds the range of the
threshold value oifset, which 1s the time offset corresponding
to the time passed since the generated time information when
the time was last adjusted. 11 this threshold value ofiset evalu-
ation unit determines that the current time adjustment
exceeds this threshold value offset range, the time adjustment
unit does not correct the time 1information using the current
satellite time information.

As a result, the time will not be changed based on the
satellite time i1nformation when the current satellite time
information 1s determined unreliable, and the offset will
therefore not become even greater.

Yet further preferably, in the time adjustment device
according to another aspect of the invention the specific unit
of the satellite signal 1s a frame information unit wherein five
subirame nformation units containing at least the satellite
time miformation constitute one unit, and the reception unit
receives the satellite time information 1n the first subirame
information unit.

Because the satellite time information acquired by the
reception unit 1s the satellite time information acquired from
the first subframe information unit of the satellite signal, the
time can be adjusted reliably at a predetermined time.

In a time adjustment device according to another aspect of
the mvention, the before-starting information generated by
the starting information generating unit 1s rendered so that the
generated time information 1s corrected at the O second or the
30 second.

With this aspect of the mnvention the before-starting infor-
mation generated by the starting information generating unit
causes the generated time information to be corrected at
either second 0 or 30 of the minute. User convenience 1s thus
improved because the time 1s corrected at either second 0 or
30 of the minute when the time adjustment device adjusts the
time.

Yet further preferably 1n a time adjustment device accord-
ing to another aspect of the mvention, the first subiframe
information unit contains positioning information satellite
health information denoting the condition of the positioning,
information satellite, and the reception unit acquires the posi-
tioming information satellite health information when a spe-
cific time has passed since the last time the generated time
information was corrected. The time adjustment device addi-
tionally has a health evaluation unit that determines the con-
dition of the positioning imnformation satellite based on the
positioning information satellite health information.

With this aspect of the invention the reception unit the
reception unit acquires the positioning mformation satellite
health information describing the condition of the positioning,
information satellite when a specific time has passed since the
last time the generated time 1information was corrected. The
time adjustment device additionally has a health evaluation
unit that determines the health of the positioning information

5

10

15

20

25

30

35

40

45

50

55

60

65

4

satellite, that 1s, whether the satellite 1s functioning normally
and whether or not there 1s a problem with the satellite itself.

Positioning 1nformation satellite health 1information
describing the condition of the positioning information satel-
lite 1s therefore acquired when a specific time has passed since
the last time the generated time information was corrected. As
a result, if the condition of the positioning information satel-
lite has changed since the last time the satellite signal was
received, the time can be adjusted based on the condition of
the satellite. If a problem with the positioning information
satellite 1s detected, the satellite time information from that
positioning information satellite 1s not used to adjust the time.
As a result, the time adjustment device will not correct the
time based on unreliable satellite time information.

In a time adjustment device according to another aspect of
the invention, when the health evaluation unit determines that
the positioning information satellite 1s operating normally
based on the positioning information satellite health informa-
tion, the reception unit additionally acquires the satellite time
information in the next subiframe information unit of the
satellite signal 11 the threshold value offset evaluation unit
determines the threshold value offset range 1s exceeded. This
time adjustment device also has a satellite time information
storage unit that stores the satellite time information from the
subirame information units as satellite time information data.
The time adjustment unit 1s an arrangement that adjusts the
generated time information using the satellite time 1nforma-
tion data from one of at least two subirame information units
of which the satellite time information data 1s within the offset
between the subiframe information units of the satellite signal.

When the health evaluation unit determines that the posi-
tioning information satellite 1s operating normally, that 1s, the
health evaluation unit determines that there is not a problem
with the positioning information satellite, and the threshold
value oflset range 1s exceeded, 1t 1s known that there 1s a
problem with the satellite time information 1n the first sub-
frame information unit. The reception unit therefore gets the
satellite time information from the next subiframe information
unit. The satellite time information acquired from each of the
subiframe mformation units 1s compared, and 1f a match 1s
confirmed between at least two of the satellite times, that
satellite time information 1s used to adjust the internal clock.
The time adjustment device can therefore reliably correct the
time with high precision.

Yet further preferably, in the time adjustment device
according to another aspect of the invention, the reception
unit recerves signals from another positioning information
satellite when the health evaluation unit determines the posi-
tioning information satellite 1s not healthy based on the posi-
tioning information satellite health information.

When it 1s determined that the positioning information
satellite health information for the positioning information
satellite 1s not normal, that 1s, when 1t 1s determined that there
1s a problem with the satellite, a different positioning infor-
mation satellite 1s located for signal reception. The time can
nerefore be corrected using the satellite time information of
e satellite signal from a positioning information satellite
nat 1s operating normally. The time adjustment device can
nerefore reliably correct the time with high precision.

In the time adjustment device according to another aspect
ol the mvention the first subirame information unit mncludes
week number information, which i1s the number of weeks
since the origin of the satellite time information. Calendar
information 1s contained in the internal time counter of the
time 1nformation generating unit that generates the time
information of the time adjustment device, the reception unit
acquires the week number information when the calendar

t
t
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information changes, and the calendar information 1s
adjusted based on the week number information.

With this aspect of the invention the reception unit gets the
week number information contained in the first subirame
information unit of the satellite signal from the positioning
information satellite. If the calendar information stored in the
time adjustment device has been changed or reset by some
action of the user, this enables the time adjustment device to
correct the calendar information based on the acquired week
number value, and this 1s convenient for the user.

Another aspect of the invention 1s a timekeeping device
with a time adjustment device having a reception umt that
receives a satellite signal transmitted from a positioning
information satellite; a time information generating unit that
generates time information; a generated time information
storage unit that stores the time information generated by the
time information generating unit as generated time 1forma-
tion; and a starting information generating unit that generates
information before the beginning of a specific unit of the
satellite signal that 1s transmitted 1n specific umts from the
positioning information satellite as before-starting informa-
tion based on the generated time information. The reception
unit has a starting unit that starts searching for the positioning,
information satellite at a predetermined timing based on the
before-starting information, and a stopping unit that detects
the specific unit of the satellite signal and stops searching for
the positioning information satellite. The generated time
information 1s corrected at the timing when the reception unit
Stops.

Another aspect of the invention 1s a time adjustment
method including a time information generating step of gen-
crating time information; a generated time information stor-
age step of storing the time information generated by the time
information generating step as generated time information; a
starting information generating step of generating informa-
tion before the beginning of a specific unit of the satellite
signal that 1s transmitted 1n specific units from a positioning
information satellite as before-starting information based on
the generated time mformation; a reception step including a
starting step that starts searching for a positioning informa-
tion satellite at a predetermined timing based on the before-
starting 1nformation, and a stopping step that detects the
specific unit of the satellite signal and stops searching for the
positioning information satellite; and a step of correcting the
generated time information at the timing when the stopping
step of the reception step stops reception.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing a wristwatch with a
GPS time adjustment device.

FIG. 2 1s a side section view of the wristwatch with a GPS
time adjustment device shown 1n FIG. 1.

FI1G. 3 1s a block diagram showing the main internal hard-

ware configuration of the wristwatch with a GPS time adjust-
ment device shown 1n FIG. 1 and FIG. 2.

FI1G. 4 1s a schematic diagram showing the main software

configuration of the wristwatch with a GPS time adjustment
device shown in FIG. 1 and FIG. 2.

FI1G. 5 shows data stored 1n the program storage unit shown
in FIG. 4.

FIG. 6 shows data stored 1n the first data storage unit shown
in FIG. 4.

FIG. 7 shows data stored 1n the second data storage unit
shown 1n FIG. 4.
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FIG. 8 1s a flow chart describing the main steps in the
operation of the wristwatch with a GPS time adjustment
device according to the first embodiment of the invention.

FIG. 9 1s a flow chart describing the main steps in the
operation of the wristwatch with a GPS time adjustment
device according to the first embodiment of the invention.

FIG. 10 1s a schematic diagram showing the main software
configuration of the wristwatch with a GPS time adjustment
device according to a second embodiment of the mvention.

FIG. 11 1s a schematic diagram showing the main software
configuration of the wristwatch with a GPS time adjustment
device according to a second embodiment of the mnvention.

FIG. 12 1s a flow chart describing the main steps in the
operation of the wristwatch with a GPS time adjustment
device according to the second embodiment of the invention.

FIG. 13 1s a schematic diagram showing the main software
configuration of the wristwatch with a GPS time adjustment
device according to a third embodiment of the invention.

FIG. 14 1s a schematic diagram showing the main software
configuration of the wristwatch with a GPS time adjustment
device according to a third embodiment of the invention.

FIG. 15 1s a flow chart describing the main steps 1n the
operation of the wristwatch with a GPS time adjustment
device according to the third embodiment of the invention.

FIGS. 16 A-16D show the concept of the reception opera-
tion of the wristwatch with a GPS time adjustment device
according to the present invention.

FIG. 17 shows the structure of word data 1n a subirame 1.

FIGS. 18A and 18B show the structure of the GPS signal.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention are
described below with reference to the accompanying figures.
The embodiments described below are specific preferred
embodiments of the present mnvention are certainly techni-
cally preferred limitations are therefore also described, but
the scope of the present invention 1s not limited to these

embodiments or limitations unless specifically stated below.

Embodiment 1

FIG. 1 1s a schematic diagram showing a wristwatch with a
GPS time adjustment device 10 (referred to below as a GPS
wristwatch 10) as an example of a timekeeping device with a
time adjustment device according to the present invention.
FIG. 2 15 a side section view of the GPS wristwatch 10 shown
in F1G. 1. FIG. 3 1s ablock diagram showing the main internal
hardware configuration of the GPS wristwatch 10 shown in
FIG. 1 and FIG. 2.

As shown 1n FIG. 1 and FIG. 2, the GPS wristwatch 10 has
a time display unit and a display 14 on the front. The time
display unit includes a dial 12 and hands 13 such as the second
hand, minute hand, and hour hand. The display 14 1n this
aspect of the mvention 1s an LCD panel used for presenting
location information such as the latitude and longitude or the
city name, as well as other informational messages. The
hands 13 are driven through a wheel train by means of a
stepping motor that includes a motor coil 19.

As shown 1n FIG. 2, the GPS wristwatch 10 has a GPS
antenna 11. The GPS antenna 11 1s a part ol the GPS device 40
(see FIG. 3). This GPS antenna 11 1s a patch antenna for
receiving satellite signals from a plurality of GPS satellites 135
orbiting the Earth on fixed orbits in space. This GPS antenna
11 1s located on the opposite side of the dial 12 as the side on
which the time 1s displayed. The dial 12 1s made of plastic or
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other material that passes RF signals such as the signals
transmitted from the GPS satellites 15.

The GPS satellite 15 1s an example of a positioning infor-
mation satellite, and a plurality of GPS satellites 13 are orbit-
ing the Earth 1n space.

The outside case 17 1s made of stainless steel, titanium, or
other metal. The bezel 16 1s preferably ceramic 1n order to
improve the reception performance of the GPS antenna 11
that receives satellite signals from the GPS satellites 15.

The battery 24 1s a lithtum-1on battery or other type of
storage battery. A magnetic sheet 21 1s disposed below the
battery 24, and a charging coil 22 1s disposed with the mag-
netic sheet 21 between 1t and the battery 24. The battery 24
can therefore be charged by the charging coil 22 by means of
clectromagnetic induction from an external charger. The
magnetic sheet 21 can also divert the magnetic field. The
magnetic sheet 21 therefore reduces the effect of the battery
24 and enables the efficient transmission of energy. A back
glass unit 23 1s also disposed 1n the center part of the back
cover 26 to facilitate power transmission.

The GPS wristwatch 10 1s arranged as described above.

As shown 1n FIG. 3, the GPS wristwatch 10 also has a time
display device 45, a GPS device 40, and a time adjustment
device 44, and functions as a computer. The display 14 shown
in FIG. 1 and FIG. 2 1s also connected to this arrangement.

The arrangement shown in FIG. 3 i1s further described
below.

As shown in FIG. 3, the GPS wristwatch 10 has a reception
unit such as the GPS device 40 that passes signals received
from an GPS satellite 15 1n FIG. 1 from the GPS antenna 11
through a filter (SAW) 31 and RF (radio frequency) unit 27 to
extract the signal from the baseband unit 30.

More specifically, the filter (SAW) 31 1s a bandpass filter
and 1n this embodiment of the invention extracts a 1.5-GHz
satellite signal. The extracted satellite signal 1s amplified by
an LNA, mixed by a mixer 46 with a signal supplied from a
VCO 41, and down-converted to an IF (intermediate ire-
quency) signal. The clock signal for the PLL 34 1s generated
by a temperature-compensated crystal oscillator (TCXO) 32.

The down-converted satellite signal passes the IF filter 35
and IF amplifier, and 1s converted to a digital signal by the
A/D converter 42. The baseband unit 30 then processes the
satellite signal based on a control signal. The time data output
by the baseband unit 30 1s stored in a storage unit, and the
corrected time 1mnformation 1s displayed by means of a drive
circuit 43.

The receiver 40a, which 1s a part of the GPS device 40, thus
includes an RF unit 27 and baseband unit 30. The RF unit 27
includes a PLL 34, IF filter 35, VCO 41, and A/D converter
42.

The baseband unit 30 also 1ncludes a digital signal proces-
sor (DSP) 39, a CPU (central processing unit) 36, and SRAM
(static random access memory) 37, and 1s connected to the
temperature-compensated crystal oscillator (TCXO) 32 and
flash memory 33.

A real-time clock (RTC) 38 1s disposed to the control unit
20, and 1s an example of a time information generating unit
that generates time information. The real-time clock 38
counts up at a reference clock that 1s determined by a crystal
oscillator connected to the control unit 20.

The charging coil 22 charges the storage battery, which 1s
the battery 24, with power through a charging control circuit
28, and supplies drive power to the time adjustment device 44
and other parts through a regulator 29. The control unit 20
also outputs a control signal to the receiver 40a, and the
reception operation of the GPS device 40 can therefore be
controlled through the control unit 20.
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The timekeeping mechanism according to this embodi-
ment of the mvention 1s thus an electronic timepiece.

The real-time clock 38 1s an example of a time information
generating unit for generating time information.

The GPS device 40 1s an example of a reception umt for

receiving satellite signals transmitted from a positioning
information satellite (such as GPS satellite 15).

The nternal time data 735 (see FIG. 7) that 1s the time
information generated by the real-time clock 38 1s an example
ol generated time 1information.

FIG. 4 to FIG. 7 schematically describe the main software
structure ol the GPS wristwatch 10, FIG. 4 being an overview.

As shown 1n FIG. 4, the GPS wristwatch 10 has a control
umt 20. The control unit 20 runs programs stored in the
program storage unit 50 in FIG. 4, and processes data stored
in the first data storage unit 60 and data stored 1n the second
data storage unit 70.

FIG. 4 shows the program storage unit 50, first data storage
unit 60, and second data storage umt 70 separately, but the
data1s not actually stored separately and 1s shown this way for
convenience only.

The first data storage unit 60 1n FIG. 6 stores primarily
previously stored data, and the second data storage unit 70 in
FIG. 7 stores primarily data resulting from processing the
data in the first data storage unit 60 by means of a program
stored 1n the program storage unit 50.

FIG. 5 shows the data stored 1n the program storage unit 50
in FIG. 4. FIG. 6 shows the data stored 1n the first data storage
unit 60 1n FIG. 4. FIG. 7 shows the data stored in the second
data storage unit 70 in FIG. 4.

FIG. 8 and FI1G. 9 are tlow charts describing the main steps
in the operation of the GPS wristwatch 10 according to this
embodiment of the invention.

The programs and data shown in FIG. 5 to FIG. 7 are
described below while describing the operation of the GPS
wristwatch 10 according to this embodiment of the invention
with reference to the tlow charts in FIG. 8 and FIG. 9.

In step ST10 1n FIG. 8 the GPS wristwatch 10 determines
if 1t 1s time to receive the satellite signal.

Whether the satellite signal reception time has come 1s
determined by the reception timing determination program
51 1n FIG. § determining 1f the time information generated by
the real-time clock 38 equals the time correction timing 61a in
FIG. 6.

The time correction timing 61a 1s set based on the follow-
ing time, for example. If the GPS wristwatch 10 1s accurate to
a maximum of approximately 0.5 second per day, the number
of times per day that the satellite signal 1s recerved from the
GPS satellite 15 to correct the time can be limited to 2 or 3
times per day. The GPS wristwatch 10 1s therefore preferably
in an environment where receiving satellite signals from a
particular GPS satellite 15 1s good when the signal 1s to be
received. The time correction timing 61a that determines the
reception timing 1s therefore preferably set based on a time
when the reception environment can be expected to be good.
A time, such as 2:00 or 3:00 a.m., when the likelithood 1s high
that the GPS wristwatch 10 1s not being used by the user and
1s removed from the wrist and left stationary indoors 1s pret-
erably used for reference. A time when the user 1s wearing the
GPS wristwatch 10 and the likelihood 1s high that the GPS
wristwatch 10 1s outdoors, such as the typical commuting
time of 7:00 or 8:00 a.m., could also be used.

In this embodiment of the invention the time correction
timing 61a 1s set so that the time data can be acquired and the
time can be corrected at second O or second 30.

As turther described below, the satellite signals from the
GPS satellites 15 are transmitted 1n data frames. Each frame
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contains five subiframes (subirame 1 to subirame 5). The time
correction timing 61a 1s thus set before the beginning of
subirame 1 at the beginming of any frame. “Before the begin-
ning of subirame 17 means before the preamble at the begin-
ning of subirame 1, and allows for the startup time RF unit 27
of the GPS device 40 and for the GPS satellite 15 search time,
and 1s therefore set to approximately 10 seconds before the
beginning of subirame 1, for example. If the reception timing,
1s referenced to 2:00 a.m., for example, the time correction
timing 61a 1s set so that adjusting the time 1s timed to second
0. More specifically, the time correction timing 61a 1s setso to
approximately 10 seconds before the reference time of 2:00
a.1m.

The reception timing determination program 51 1n FIG. 5
then determines 1f the time information generated by the
real-time clock 38 indicates 1:59:50, which 1s the time cor-
rection timing 61a. Alternatively, if the reception timing 1s
referenced to 7:00 a.m., the time correction timing 61a may
be set so that the time 1s corrected at second 30. In this case the
reception timing determination program 51 in FIG. 5 deter-
mines 11 the time information generated by the real-time clock
38 indicates the time correction timing 61a of 7:00:20.

The reception timing relating to the time adjustment timing,
1s a predetermined timing, such as when the second hand of
the hands 13 disposed to the dial 12 of the time display device
45 1ndicates the O or 30 second, and 1s when the time dis-
played by the time display device 45 1s corrected. As
described below, because the beginning of subirame 1 1is
transmitted at the 0 or 30 second, the beginning of subirame
1 can be detected and the time information can be acquired 11
the GPS device 40 signal can be received timed to the 0 or 30
second.

The reception timing determination program 51 1n FIG. 5
then counts based on the real-time clock 38, and determines 11
the current time equals the time correction timing 61a. More
specifically, the reception timing determination program 31 1s
an example of a starting iformation generating unit that
generates the reception timing based on the internal time data
73b generated by the real-time clock 38.

If the current time does not equal the reception timing,
counting continues until the reception timing 1s reached.

If the reception timing determination program 51 in FIG. 5
determines that 1t 1s time to receive the satellite signal, control
goes to step ST11 and reception starts. The GPS device 40 1s

therefore activated and steps are taken to enable searching for
a GPS satellite 15.

Yet more specifically, as shown 1n FIG. 3, the GPS device
40 starts operating, and the C/A code pattern of the GPS
satellite 15 1s generated 1n order to recerve the GPS signal as
the satellite signal from the GPS antenna 11.

Control then goes to step ST12 and a satellite search
begins. More specifically, the satellite search program 52 in
FIG. 5 adjusts the timing at which the GPS device 40 gener-
ates the C/A code of the GPS satellite 15, and searches for a
GPS satellite 15 that can be synchronized.

Proceeding to step ST13, the GPS device 40 adjusts the
timing at which the GPS device 40 generates the C/A code of
the GPS satellite 15, and determines 11 the time until synchro-
nization 1s possible 1s greater than or equal to a prescribed
time-out period. More specifically, the stop reception deter-
mination program 37 in FIG. 5 counts the time from the start
of reception, and determines how much time 1s required to
find a GPS satellite 15. If the required time exceeds a prede-
termined time, operation times out, control goes to step ST14,
and reception ends. That 1s, the stop reception determination
program 37 1n FI1G. 5 determines that a time out has occurred
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i a predetermined time has passed, and unconditionally ter-
minates operation of the GPS device 40.

As a result, if the GPS wristwatch 10 1s located where
reception 1s not possible, such as indoors, power will be
consumed needlessly no matter how long the GPS device 40
operates. Operation of the GPS device 40 1s therefore termi-
nated when this predetermined time has passed so that need-
less consumption of power can be reduced.

If operation has not timed out 1n step ST13, control goes to
step ST15.

Step ST15 determines if a GPS satellite 15 was captured.
More specifically, the satellite search program 52 1n FIG. 5
causes the GPS device 40 to search for and synchronize with
a GPS satellite 15. The satellite search program 52 then deter-
mines of the navigation message that 1s the satellite signal
from the GPS satellite 15 as described below can be decoded.

IT a satellite cannot be captured, the procedure loops to step
ST12 and the GPS satellite 15 search repeats to find a differ-
ent GPS satellite 15.

If a GPS satellite 15 1s captured, control goes to step ST16
to acquire the navigation message from the satellite signal.

Before proceeding to step ST16, the navigation message
carried by the signal (satellite signal) transmitted from the
GPS satellite 15 1s described below.

FIG. 18 describes the structure of the GPS satellite signal.

As shown in FIG. 18 A, signals are transmitted from each of
the GPS satellites 15 1n units of one frame every 30 seconds.
One frame contains five subirames (subirame 1 to subirame
5). Each subirame 1s 6 seconds long, and contains 10 words
(each word 1s 0.6 second).

The first word 1n each subirame is a telemetry (TLM) word
storing the TLM data, and each TLM word starts with a
preamble as shown 1n FIG. 18B.

The TLM word 1s followed by a handover word HOW
storing the HOW (handover) data, and each HOW starts with
the time of week (TOW) (also called the Z count) indicating
the GPS time information of the GPS satellite.

The GPS time 1s the number of seconds since 00:00:00
Sunday night, and 1s reset to zero at precisely 00:00:00 every
Sunday night. The GPS time 1s thus imnformation expressing,
the time since the start of the week 1n seconds, and the elapsed
time 1s a number expressed 1n 1.5 second units. The GPS time
1s also called the Z count (referred to below as the Z count
data), and enables the GPS device 40 to know the current
time.

The same GPS week number 1s added to the GPS time
throughout the week, and 1s contained as the week number
data 1n the navigation message or satellite signal from the
GPS satellite 15.

The starting point for the GPS time information 1s 00:00:00
of Jan. 6, 1980 referenced to the Coordinated Universal Time
(UTC), and the week that started on this day 1s week 0. The
GPS receiver can therefore get the precise GPS time from the
week number and the elapsed time (number of seconds).

The week number 1s updated once a week.

Once the receiver gets the week number and counts the
seconds passed since the week number was acquired, the
current week number of the GPS satellite 15 can be known
from the acquired week number and the elapsed time without
getting the week number data again. As a result, the approxi-
mate current GPS time can be known once the Z count data 1s
acquired. Power consumption can therefore normally be
reduced because the reception operation of the receiver can be
completed 1n a short time by acquiring only the Z count data.

If for some reason the acquired week number data 1s
deleted, the elapsed time count from when the week number
was acquired 1s offset, or a predetermined time has passed

-
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since the week number data was acquired, the week number
data can be acquired again from the satellite signal recerved
from a GPS satellite 15, and the receiver can get the current
GPS time from the newly recerved week number data and Z
count data.

As shown 1 FIG. 18, the main frame of the navigation
message contained in the signal from the GPS satellite 15
contains 1500 bits and 1s transmitted at 50 bps.

The main frame 1s divided nto five subiframes of 300 bits
cach (see FIG. 18A).

One frame 1s equivalent to 30 seconds. One subirame 1s
therefore equivalent to 6 seconds. As described above, the
TLM word and the Z count data (TOW) 1n the HOW word are
contained 1n the first two words of each subirame. The Z
count data starts from subirame 1, and six seconds of data 1s
contained in each subirame. Subirame 1 to subirame 5 there-
fore contain the TLM word and the Z count (1TOW ) data 1n the
HOW word. The Z count (TOW) data i1s therefore the time
information for the next subiframe. For example, the Z count
data 1n subframe 1 1s the time data for subiframe 2.

As shown in FIG. 18A and FIG. 18B, the navigation mes-
sage carried 1n the satellite signal from the GPS satellite 15
includes the preamble data and the TOW 1n the HOW word,
and the subiframe data, including the ephemeris (detailed orbit
information for the transmitting GPS satellite 15), almanac
(orbit mmformation for all GPS satellites 15), and the UTC
data. More specifically, the subirame data of the navigation
message 1s carried in subiframe 1 to subirame 5, and the data
in these five subirames render one frame data unit. The sub-
frame data 1s divided into words 1 to 10.

As shown 1n FIG. 17, word 3 1n subframe 1 contains the
week number (WN) data and satellite health (SVhealth) data,
which 1s a signal describing the operating condition of the
GPS satellite 15. FIG. 17 1s a schematic diagram describing
part of the word data 1n word 1 to word 5 1n subirame 1.

Because the signals described above are transmitted from
the GPS satellites 15, GPS signal reception as used herein
means phase synchronization with the C/A code from the
GPS satellite 15.

More specifically, the GPS device 40 that 1s the receiver
must synchronize with the signal from the GPS satellite 15 in
order to get the frame data from a particular GPS satellite 15.

The C/A code 1s used for synchronization with 1 ms pre-
cision, and 1s a 1023-chip pseudo random noise code that
repeats every 1 ms. The C/A code (1023 chip (1 ms) code) 1s
different for each of the plural GPS satellites 15, and 1s unique
to a particular satellite.

Therefore, to recerve the satellite signal from a particular
GPS satellite 15, the GPS device 40 (reception unit) generates
the unique C/A code for a particular GPS satellite 15 and
phase synchronizes with the C/A code from the selected GPS
satellite 15 to recerve the satellite signal.

By synchronizing with the C/A code (1023 chips (1 ms)),
the preamble of the TLM word and the HOW word of each
subframe can be recetved, and the Z count data can be
acquired from the HOW word. After acquiring the TLM word
and the Z count (TOW) from the HOW word, the GPS device
40 can then acquire the week number (WN) data and the
satellite health SVhealth data (see FIG. 17).

The operating condition of the received GPS satellite 15
can be determined from the satellite health SVhealth data.
Whether some problem has developed with the GPS satellite
15 or whether the satellite 1s a test satellite can be determined
from this satellite health SVhealth data.

Whether the acquired 7 count data can be trusted can be
determined with a parity check. More specifically, the parity

data following the TOW data in the HOW word can be used to
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verily if the received data 1s correct. If an error 1s detected
from the party data, there 1s something wrong with the Z
count data and the 7Z count data 1s not used to correct the
internal clock.

The frame data shown 1n FIG. 18 1s thus an example of
information carried in frame units, and the subframe datais an
example of information carried in subirame units, and both
are examples of a specific unit of the satellite signal. The Z
count (TOW) data 1s an example of satellite time information
from a positioning information satellite (GPS satellite 15).
The week number (WN) data 1s an example of week number
information, which 1s the number of weeks from the origin of
the satellite time information. The Z count data, week number
(WN) data, TLM word, and HOW word are examples of
satellite signal information. The satellite health SVhealth data
1s an example ol positioning information satellite health
information describing the operating condition of the posi-
tioning information satellite, and 1s an example of another
satellite information unit.

The navigation message that 1s the satellite signal transmit-
ted from the GPS satellite 15 is as described above.

IT a satellite 1s captured 1n step ST15, control goes to step
ST16. Step ST16 determines 11 the Z count data was acquired.

More specifically, the time data acquisition program 53 1n
FIG. § gets the Z count (TOW) data, which 1s an example of
the satellite time 1information, from the navigation message
that 1s carried by the satellite signal from a GPS satellite 15.
The Z count (TOW) data 1s then stored as the received satellite
time information 71a 1n the recerved satellite time informa-
tion storage unit 71 in FIG. 7.

More specifically, acquiring the 7 count data means that
the Z count (TOW) data can be acquired after synchronmizing
with the preamble of the TLM word.

The time information matching program 501 1n FIG. 5 then
determines if the received satellite time information 71a 1n
FIG. 7 that 1s the acquired Z count (TOW) data can be trusted.
The time information matching program 501 executes a par-
ity check as described above. More specifically, the time
information matching program 501 verifies whether the
received data 1s correct based on the parity data following the
TOW data of the HOW word. If an error in the Z count data 1s
detected by the parity check executed by the time information
matching program 501, there 1s some sort of problem with the
acquired 7 count data and the Z count data 1s therefore not
used to correct the internal clock. As a result, 1t an error 1s
detected the threshold offset determination program 503 1n
FIG. 5 determines that the Z count data was not acquired and
control goes to step ST10.

However, 1f the time information matching program 501
does not detect an error, the time data acquisition program 53
in FIG. 5 determines that the acquired Z count data can be
used to correct the time, and stores the received satellite time
information 71a in the recerved satellite time nformation
storage unit 71 as the first reception time data 73al of the
reception time data 73a in the time data storage unit 73.
Control goes to step ST17 1n FIG. 9 1n this case.

Step ST17 then determines if the Z count data from sub-
frame 1 was acquired.

More specifically, the subiframe confirmation program 54
in FIG. 5 determines based on the acquired Z count data if 1t
1s the Z count data from subirame 1. That 1s, the subirame
confirmation program 34 in FIG. 5 determines from the first
reception time data 73al 1n the reception time data 734 1n the
time data storage unit 73 in FIG. 7 11 this first reception time
data 73al 1s the Z count data from subirame 1.

There are cases 1n which the GPS device 40 attempts to
receive and acquire the Z count data from subiframe 1 at a
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predetermined reception timing but actually recetves the Z
count (TOW) data from subirame 2, that 1s, the next sub-
frame, or gets the Z count (TOW) data from subirame 5,
which 1s subirame data from the previous frame.

In such cases the GPS wristwatch 10 according to this
embodiment of the mvention can reliably get the actual Z
count (TOW) data for subirame 1 because the GPS wrist-

watch 10 has the subirame confirmation program 34 1n FIG.
5.

If the subframe confirmation program 54 1n FIG. 5 deter-
mines i step ST17 that the first reception time data 73al,
which 1s the acquired Z count data, 1s not the Z count data for
subirame 1, control goes to step ST18.

In step ST18 the stop reception determination program 37
pauses the reception operation of the GPS device 40.

The subframe number of the subirame data 1s then con-
firmed from the acquired Z count (TOW) data in step ST19.

As described above, the Z count (TOW) data 1s transmitted
from the GPS satellite 15 at precise 6 second intervals syn-
chronmized to the UTC. The GPS wristwatch 10 therefore
knows from the acquired Z count data from which subirame
the data was acquired. As a result, 1f the precision of the
real-time clock 38, which 1s an example of a time generating,
unit for generating the internal time data 735, 1s offset greatly,
the timing at which reception starts will be offset accordingly
i the precision of the real-time clock 38 1s offset at least 6
seconds from the actual time. This means that while the Z
count data from subirame 1 1s supposed to be acquired, the
acquired 7 count data 1s from another subirame. The sub-
frame confirmation program 34 1n FIG. 5 therefore enables
the GPS wristwatch 10 to verity from which subirame the
data was acquired. The subirame number of the acquired
subirame data 1s therefore verified 1n step ST19, and control
goes to step S120.

Step ST20 sets the reception timing of the next subirame 1.
More specifically, the reception timing setting program 58 1n
FIG. 5 sets the reception timing of the next subframe 1 based
on the verified subirame number and the internal time data
73b of the acquired Z count data. Control then returns to step
ST10 and reception starts when the current time advances to
the set reception timing. Operation of the GPS device 40,
which 1s an example of the reception unit, 1s paused while
waiting for the set reception timing.

FIG. 9 shows control returning from step ST23 to C, which
means that control proceeds to C in FIG. 8 and thus returns to
step ST10. A and B 1n FIG. 8 and FIG. 9 similarly indicate
flow control.

If step ST17 venfies that the Z count data was acquired
from subframe 1, control goes to step ST21. The satellite
health SVhealth data described above 1s acquired 1n step
ST21.

More specifically, the other satellite information acquisi-
tion program 535 in FIG. 5 gets the satellite health SVhealth
data contained 1in word 3 of subirame 1 1n the satellite signal
from the GPS satellite 15 as described above. The other
satellite information acquisition program 55 in FIG. 5 then
stores the acquired satellite health data as the satellite health
information 72a 1n the satellite health mnformation storage
unit 72 in FIG. 7.

Control then goes to step ST22 to determine 11 the satellite
health mnformation 72a indicates that the GPS satellite 15 1s
functioning correctly. More specifically, the satellite health
confirmation program 36 in FIG. 5 evaluates the condition of
the GPS satellite 15 based on the satellite health information
72a 1 F1G. 7, which 1s the acquired satellite health data.

In other words, as described above, the satellite health
information 72a, which is the acquired satellite health data, 1s
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data representing the operating condition of the transmitting
GPS satellite 15, and 1s a code describing the state of the
satellite. If the satellite health information 72a 1s a code value
other than 0, the satellite health information 72« indicates
some problem and the receiver knows that the GPS satellite
15 cannot be used. If the satellite 1s healthy, the satellite health
information 72« 1s a code value of 0, and the receiver knows
that the satellite 1s functioning correctly.

It 1s therefore possible to determine based on the satellite
health information 724 in FIG. 7 if there 1s a problem with the
GPS satellite 15. Yet more specifically, whether the satellite
signal from the GPS satellite 15 1s reliable can be determined.

If 1in step ST22 the satellite health information 724 1n FIG.
7 indicates a problem with the GPS satellite 15, control goes
to step ST23. In step ST23, the stop reception determination
program 57 i FIG. 5 pauses reception by the GPS device 40.
The change-recerved-satellite program 59 in FIG. 5 then
stores the change-received-satellite synchronization informa-
tion 74a in the change-recerved-satellite synchromization
information storage unit 74 in FIG. 7 to change the GPS
satellite 15 from signals are received. Control then returns to
step ST10, and reception starts based on this change-re-
ceived-satellite synchronization information 74a.

As a result, because signals from a different GPS satellite
15 are recerved 1f the satellite health information 72a acquired
from the GPS satellite 15 does not indicate a healthy satellite,
that 1s, 1f 1t 1s determined that there 1s a problem with the GPS
satellite 15, the time information can be corrected using a
satellite signal from a different GPS satellite 15 that 1s func-
tioning normally. As a result, the time can be reliably cor-
rected with high precision. Note that the GPS satellite 15 1s an
example of a positioning information satellite. The satellite
health information 72a 1s an example of positioming informa-
tion satellite health information. The positioning information
satellite health information 1s the satellite health data
acquired from the GPS satellite 15.

If step ST22 determines that the satellite health informa-
tion 72a does not indicate a problem with the GPS satellite 15,
control goes to step ST124.

Whether there 1s a match with the internal time information
1s determined 1n step ST24. More specifically, the threshold
olfset determination program 503 1n FIG. 5 determines if the
offset between the internal time data 735 1n FIG. 7, which 1s
generated by the real-time clock 38 and 1ndicates the current
time, and the first reception time data 73al of the reception
time data 73a 1s equal to the match verification threshold
value 62a of the match verification threshold value storage
unit 62 1n FIG. 6. The match verification threshold value 62a
1s approximately 0.5 second per day in this embodiment of the
invention. This 1s due to the precision of the crystal (crystal
oscillator) connected to the control unit 20 (FIG. 3) that 1s the
reference clock generator.

The real-time clock 38 i1s incremented based on the refer-

ence clock, which 1s determined by the crystal oscillator
connected to the control unit 20.

If a match 1s not confirmed in step ST24, control goes to
step S125.

The internal time data 735 1s a value related to the perfor-
mance of the real-time clock 38 that generates 1t. The internal
time data 735 1s affected by the frequency shift (also referred
to below as the frequency shift of the real-time clock 38) of
the crystal (crystal oscillator) that 1s used as the reference
clock of the real-time clock 38. If for some reason this fre-
quency shift 1s great, and the offset between the internal time
data 7356 and the first reception time data 73al in FIG. 7
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becomes greater than the match verification threshold value
62a1n F1G. 6, the data does not match and control goes to step
ST2S.

In step ST23 the time data acquisition program 33 1n FIG.
5 gets the Z count data from subirame 2 and subirame 3,
which are the next subiframes recetved from the GPS satellite
15 after the Z count data from subirame 1 1s acquired. The Z
count data from subirame 2 and the Z count data from sub-
frame 3 are then stored to the second reception time data 7342
and third reception time data 73a3, respectively, of the recep-
tion time data 73a 1n the time data storage unit 73 in FIG. 7.
Note that the time information matching program 501 1n FIG.
5 described above runs a parity check to determine 1 the
acquired 7 count data 1s correct.

Step ST26 then selects the Z count data for which two or
more matches were confirmed from among the Z count data
acquired from subirame 1, subiframe 2, and subirame 3. That
1s, the reception time matching program 505 in FIG. 5 com-
pares the first reception time data 7341, the second reception
time data 7342, and the third reception time data 73a3 con-
stituting the reception time data 73a 1n the time data storage
unit 73 in FIG. 7, and 1if the offset 1s the 6 seconds or 12
seconds of the subirame data, uses the reception time data 73qa
tor which a match 1s verified. More specifically, one subiframe
1s transmitted every 6 seconds, and the Z count data from each
subirame 1s therefore offset 6 seconds from the Z count data
in the adjacent subiframes. Therefore, because the first recep-
tion time data 734l 1s the Z count data for subframe 1 and the
second reception time data 7342 1s the Z count data for sub-
frame 2, there should be a 6 second offset between the Z count
data from subframe 1 and subframe 2. In addition, because the
third reception time data 73a3 1s the Z count data from sub-
frame 3, there 1s a 12 second difference between 1t and the first
reception time data 73al. There 1s also a 6 second difference
between the second reception time data 7342 and the third
reception time data 73a3. The reception time data 73q that 1s
within the offset of the subirame data size 1s therefore used. In
addition, as described above, 1f the frequency shift of the
real-time clock 38 that generates the internal time data 735 1s
large, whether the reception time data 73a matches the inter-
nal time data 735 1s not determined.

In other words, as shown 1n the timing chart of the recep-
tion timing (reception period) in FIG. 16, the reception
sequence of operation until the Z count data from subirame 3
1s recerved 1s shown 1n line (¢).

In this case the GPS device 40 starts the reception operation
approximately 10 seconds before the beginning of subiframe
1, and continues operating only for the time required to
acquire the Z count (TOW) data from subirame 3. The GPS
device 40 can therefore reduce power consumption from the
reception time 1n this case because reception 1s only needed
for the approximately 15 second period from the start of
subirame 1 until the Z count data i1s acquired from subirame
3.

In this situation, if the satellite health confirmation pro-
gram 56 1n FIG. 5 determines that the health of the GPS
satellite 15 1s normal (the GPS satellite 135 1s healthy), that 1s,
the satellite health confirmation program 56 determines that
there 1s no problem with the GPS satellite 15 and the range of
the match verification threshold value 624 1s exceeded, 1t 1s
determined that there 1s some problem with the Z count data
extracted from subirame 1, and the GPS device 40 gets the Z
count data from subirame 2 and subirame 3.

Note that the satellite health confirmation program 56 1n
FIG. 5 1s an example of a satellite health evaluation unit. The
GPS satellite 15 1s an example of a positioning information
satellite. The satellite health confirmation program 56 1s an
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example of a health evaluation unit. The match verification
threshold value 62a in FIG. 6 1s an example of the threshold
value oflset. The Z count data 1s an example of satellite time
information. Subirame 1 1s an example of a first subiframe
information unit. Subiframe 2 and subirame 3 are examples of
a next subiframe mformation unit.

The data 1n the reception time data 73q in FIG. 7, which 1s
the Z count data from subirames 1, 2, 3, 1s then compared, and
if a match 1s confirmed between at least two satellite time
values, that satellite time information 1s used to adjust the
internal clock.

The time can therefore be reliably adjusted with high pre-
c1s10n.

The reception time data 73q 1n FIG. 7 that matches the Z
count data 1n each of subframe 1, subirame 2, and subiframe 3
1s used 1n this example. However, 1f a match 1s confirmed
between the Z count data from subframe 2 and the internal
time data 736 1n FIG. 7 and 1s within the match verification
threshold value 62a 1 FIG. 6, reception can be terminated
without acquiring the Z count data for subirame 3. Line (d) in
FIG. 16 shows the reception sequence of the reception time
(reception period) 1n this case.

More specifically, the GPS device 40 starts receiving
before subiframe 1, locates a satellite, receives the satellite
signal from the beginning of subirame 1 to the Z count (TOW)
data, gets and stores the satellite health data (satellite health,
labelled simply “health” in FIG. 16) from word 3 to the
satellite health information 72a 1 FIG. 7, 1nserts a reception
pause 1 which reception stops for a time, resumes reception
from before subiframe 2, which 1s the next subframe, and gets

the Z count (TOW) data from subirame 2.

In other words, the GPS device 40 of the GPS wristwatch
10 recerves subirame 1 and gets the TLM word and the Z
count (TOW) data from the HOW word as described above.

As described above, the Z count (TOW) data 1s the satellite
time 1information, and this Z count data 1s acquired from the
GPS satellite 15.

Therefore, other data, such as the ephemeris and almanac
data in FI1G. 18 A, 1s not acquired. However, as shown in FIG.
18A the subframes are transmitted sequentially from sub-
frame 1 (A) to subframe 5 (E), and each subirame sequen-
tially carries words from the TLM word to the ephemeris or
other last word.

This means that even 1f the GPS device 40 only needs to
acquire the Z count (TOW) data stored 1n the HOW word of
cach subirame, the GPS device 40 must continue receiving
the satellite data 1n words 3 to 10 of subiframe 1 before getting
the Z count (TOW) data from the HOW word in subirame 2
alter acquiring the 7 count (TOW) data from the HOW word
in subirame 1 (A) in FIG. 18A.

The GPS device 40 of the GPS wristwatch 10 must there-
fore continue signal reception during this time, and power
consumption nevitably increases.

To avoid this increase i power consumption, this embodi-
ment of the invention 1nserts a reception pause that reduces
the power supplied from the battery 24 through the regulator
29 for the satellite signal reception operation of the GPS
device 40 until the TLM word data in the next subirame
(subiframe 2 1n this case) 1s transmitted after receiving the
HOW word data 1n subframe 1 and receiving the week num-
ber data and satellite health data in word 3. Power consump-
tion by the reception operation of the GPS device 40 can thus
be reduced.

Yet more specifically, the GPS device 40 has already syn-
chronized with the C/A code of the GPS satellite 15. This
means that the GPS device 40 has synchronized with the
starting position of the TLM word in subirame 1. The Z count
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(TOW) data 1n the HOW word that 1s the word following the
TLM word can therefore be acquired.

Each subframe lasts 6 seconds and contains 10 words,
which means that the reception time for each word 1s 0.6
second.

The power supplied from the battery 24 through the regu-
lator 29 to the GPS device 40 as shown 1n FIG. 3 1s therefore
reduced during a reception pause period after the real-time
clock 38 counts 1.2 seconds from the start of the TLM word
in subirame 1, but the Z count (TOW) data can be acquired
from subirame 1 during this pause.

Because each subirame contains 10 words, the reception
pause lasts the 4.8 seconds equal to the time of 8 words. After
the reception pause ends, power 1s again supplied from the
battery 24 through the regulator 29 to the GPS device 40 for
the next reception period in which the TLM word and Z count
(TOW) data of the HOW word are acquired from subirame 2.
Another reception pause starts 1.2 seconds later. This enables
acquiring the 7Z count (TOW) data from subirame 1 and
subirame 2. Power consumption 1s also low because a recep-
tion pause 1s mserted. This reception pause period can be
determined by the stop reception determination program 57
and reception timing setting program 58 1n FIG. 5.

Because there 1s typically some deviation 1n the operation
of the real-time clock 38 the foregoing periods of 1.2 seconds
and 4.8 seconds are set so that reception begins slightly before
(FIG. 16 (d)). The reception time (reception period) can also
be shortened once the Z count (1TOW ) data from subirame 3 1s
acquired, and the Z count (TOW) data can be acquired three
times for matching while reducing power consumption.

Control then goes to step ST27, the stop reception deter-
mination program 57 i FIG. 3 stops the reception operation
of the GPS device 40, and receiving satellite signals from the
GPS satellite 15 ends.

Control then goes to step ST28 where the time information
adjustment program 502 in FIG. 5 adjusts the internal time
data 735 1n FIG. 7 based on the reception time data 73a. The
reception time data 73a i FIG. 7 that 1s used in the steps
described above 1s used to correct the time. The time 1nfor-
mation adjustment program 502 1n FI1G. 5 saves the corrected
time as the time data for timepiece display 73¢ 1n FIG. 7.

The adjust display time data program 504 in FIG. S then
corrects the time displayed by the display 14 and the hands 13
onthe dial 12 of the GPS wristwatch 10 based on the time data
for timepiece display 73¢ 1n FIG. 7.

The GPS wristwatch 10 thus corrects the time as described
above.

The real-time clock 38 1s an example of a time information
generating unit that generates time information. The internal
time data 736 1s an example of generated time information
that 1s generated by the real-time clock 38, which 1s an
example of a time generating unit. The time data storage unit
73 1s an example of a generated time information storage unait.
The reception timing determination program 31 1s an
example of a starting information generating unit. The start-
ing information generating umt 1s generated based on the
generated time information. The generated time information
denotes a time before the timing at which the preamble of
subirame 1, which 1s the beginning of the satellite signal
transmitted in frame units from a GPS satellite 15, which 1s an
example of a positioning information satellite, 1s recerved.
The GPS device 40 1s an example of a reception unit. Belfore-
starting information 1s information allowing time for a satel-
lite search and 1s approximately 10 seconds before the O
second or 30 second of a predetermined time.

The satellite search program 52 1s an example of a starting,
unit that starts the positioning mformation satellite search,
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and the stop reception determination program 57 and recep-
tion timing setting program 58 are examples of a stopping unit
that stops detecting subirame data, which 1s a specific unit of
the satellite signal.

As a result, the GPS wristwatch 10 can correct the time
with the shortest possible signal reception time.

The Z count (TOW) data 1s an example of satellite time
information, which 1s time information from a positioning
information satellite. The time information matching pro-
gram 301 1s an example of an evaluation unit that determines
if the satellite time information 1s correct.

The reception time data 734 1s an example of satellite time
information, and the time data storage unit 73 1s an example
ol a satellite time information storage unit.

The time information adjustment program 502 (an
example of a time adjustment unit) corrects the internal time
data 736 (an example of time generation information) based
on the reception time data 73a (an example of correct satellite
time mformation) and outputs the result as the time data for
timepiece display 73c¢ (an example of corrected display time
information).

Because the GPS wristwatch 10 can therefore adjust the
time at a predetermined timing independently of device per-
formance, and adjusts the time based on the satellite time
information determined to be correct, the correct time can be
reliably set.

The time information matching program 501 1s an example
of a threshold value evaluation unit that determines 1f the
difference, which 1s the current amount that the time 1s
adjusted, between the internal time data 735, which 1s an
example of generated time information, and the reception
time data 73a, which 1s an example of satellite time informa-
tion, exceeds the range of the match verification threshold
value 62a. The match venfication threshold value 62a 1s an
example of the threshold value ofiset, which 1s the offset
corresponding to the time passed since the generated time
information when the time was last adjusted.

I1 the time information matching program 501 (an example
of a threshold value offset determination unit) 1s determined
to exceed the range of the match verification threshold value
62a (an example of the threshold value offset) the time infor-
mation adjustment program 502 (an example of a time adjust-
ment unit) does not correct the internal time data (an example
of time generation information) based on the reception time
data 73a (an example of the current satellite time 1nforma-
tion).

As a result, 1f the current satellite time 1nformation 1s not
reliable, the time will not be corrected based on that satellite
time information, and the offset will therefore not become
even greater.

The GPS wristwatch 10 gets the Z count (TOW) data,
which 1s the satellite time information in subframe 1, which 1s
an example of the first subirame information unit in the sat-
cllite signal, by means of the stop reception determination
program 57 of the GPS device 40 starting reception, the time
data acquisition program 53 acquiring the satellite time infor-
mation from the satellite signal, and the subirame confirma-
tion program 54 verifying the information. The time can
therefore be reliably corrected at second 0 and second 30, that
1s, at a predetermined time, and user convenience 1s thus
improved. Furthermore, the GPS wristwatch 10 recerves only
the Z count data 1n subiframe 1, and can therefore suppress
power consumption.

Furthermore, because a satellite health confirmation pro-
gram 56, which 1s an example of a health evaluation unat,
determines the condition of the positioning information sat-
ellite based on the satellite health information 72a, which 1s
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an example of positioning information satellite health infor-
mation indicating the satellite condition, whether the condi-
tion of the positioning information satellite 1s good or faulty
can be determined. As a result, the time will not be corrected
using satellite time mformation from a positioning informa-
tion satellite determined to be faulty. By acquiring the posi-
tioming satellite health information in addition to the Z count
data when recerving the time information, 1t 1s easier to deter-
mine whether the time mformation 1s reliable or not. The
reception time can also be shortened and power consumption
can be reduced when acquiring the positioning satellite health
information and Z count data that 1s the time information
because this data 1s acquired from subirame 1.

Embodiment 2

A GPS wristwatch 10 according to a second embodiment
of the invention 1s substantially 1dentical to the first embodi-
ment described above, like parts are therefore 1dentified by
the same reference numerals and the following description
focuses on the differences between the embodiments.

More specifically, the GPS wristwatch 10 according to this

embodiment of the mvention shares the arrangement shown

in FIG. 1 to FIG. 4 and FIG. 6 with the first embodiment as
described above.

FI1G. 12 1s a flow chart describing the operation of the GPS
wristwatch 10 according to this second embodiment of the
invention. The operation of the GPS wristwatch 10 according
to this second embodiment of the invention 1s substantially
the same as the first embodiment, and FIG. 12 therefore
shows only the part that differs.

More specifically, the steps before and after the segment
shown 1n FIG. 12 are 1dentical to the steps of the first embodi-
ment. In the flow charts shown in FIG. 8 and FIG. 9, the
sequence from the beginning through the reception timing
step 1n ST10 to the step of confirming the Z count data of
subirame 1 1n step ST17, proceeding to ST18 through step
ST20 and looping back to step ST10 if step ST17 returns no,
and the steps of adjusting the time and then ending 1n steps
ST21, ST22, and ST24 to ST28 are the same. FIG. 12 1s
therefore shown omitting part of the process.

The flow chart in FIG. 12 therefore adds steps to the
sequence after veritying 1f the Z count data of subiframe 1 was
acquired 1n step ST17.

More specifically, the second embodiment differs from the
first embodiment 1n that a step for confirming the time since
the time information was corrected the last time reception was
successiul 1s added between step ST17 and step ST21. In
addition, a step ST31 of storing the successiul reception time
1s 1nserted after step S122 and before step ST24, which 1s not
shown 1n FIG. 12.

To accommodate these steps added to the flow chart, addi-
tions are also made to the program storage unit and the data
storage units shown in FIG. 4 as shown schematically in FIG.
10 and FIG. 11.

FIG. 10 shows the program storage unit 150 and the GPS
antenna 11 shows the second data storage unit 170. As
described 1n the first embodiment, the program storage unit
150 and second data storage umt 170 are shown separately
simply for convenience describing their function and opera-
tion. What differs 1s the addition of a time-of-successiul-
reception acquisition program 506 and time-passed-from-
previous-reception confirmation program 507 to the program
storage umt 150 1 FIG. 10, and adding time-of-previous-
successiul-reception data 75a 1n a time-of-previous-success-
tul-reception storage unit 75 1n the second data storage unit

170 1n FIG. 11.
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The operation of the GPS wristwatch 10 according to this
second embodiment of the invention 1s described below with
reference to FIG. 10, FIG. 11, and the flow chart in FIG. 12
while focusing on the differences with the first embodiment.

As described above, step ST17 determines based on the Z
count data acquired from the GPS satellite 15 11 1t 1s the Z
count data from subirame 1. If the Z count data from subirame
1 1s verified, control goes to step ST30 1n FIG. 12.

Step ST30 then determines 11 1t 1s within a predetermined
time from the previous successiul reception time.

More specifically, the time-passed-from-previous-recep-
tion confirmation program 507 1n FIG. 10 compares the time
passed from the time-of-previous-successiul-reception data
75a 1n F1G. 11 with the internal time data 735 to determine 1f
it 1s within a predetermined time.

This predetermined time 1s set to a time when the satellite
health information 72a may have been updated or the ephem-
eris described above 1s valid, and 1s set to 4 hours in this
example.

That 1s, 1f the satellite health information 724, which 1s the
satellite health information describing the condition of the
GPS satellite 15, 1s changed, the updated status can be known
by getting the satellite health information 72a again.

If step ST30 determines that it 1s within the predetermined
time, such as within 4 hours, from the previous successiul
reception, operation skips without receiving the following
data to step ST24 (see FIG. 9) to confirm a match with the
internal time information. In this case the satellite health
information 72a (see FIG. 11) 1s considered to have not
changed since the previous reception operation, the GPS sat-
cllite 15 1s considered to be functioning normally, and the
time can be adjusted.

That 1s, the reception time 1n this case 1s indicated by the
sequence 1n line (a) 1n FIG. 16, a timing chart describing the
reception time (reception period). FIG. 16 (a) shows that the
GPS device 40 starts the reception operation from approxi-
mately 10 seconds betfore the beginning of subirame 1, and
operates only for the time required to get the Z count (TOW)
data from subirame 1.

If a predetermined time has not passed from the time-oi-
previous-successiul-reception data 75a (see FIG. 11), the
GPS wristwatch 10 according to this embodiment of the
invention determines that the GPS satellite 15 1s healthy
based on the satellite health information (SVhealth) 72a
acquired the last time the time was corrected. The GPS device
40 1s then stopped with only the Z count data from subirame
1. As a result, the reception time 1s shortened and the GPS
wristwatch 10 can further reduce power consumption. Note
that the time-of-previous-successiul-reception data 75a (see
FIG. 11) 1s the time that the generated time information was
last corrected. The GPS satellite 15 1s an example of a posi-
tioning information satellite. The satellite health information
(SVhealth) 72a 1s an example of positioning information
satellite health information. The GPS device 40 1s an example
of a reception unit. The Z count data 1s an example of satellite
time information.

However, i1 step ST30 determines that the predetermined
time, such as 4 hours, has passed since the internal time data
73b was corrected the last time reception was successiul,
control goes to step ST21.

In step ST21 the satellite health SVhealth data 1s acquired
as described above in the first embodiment. Control then goes

to step ST22 as 1n the first embodiment to verily the condition
of the GPS satellite 15.

If in step ST22 the satellite health information 72a
(SVhealth) 1n FIG. 11, which 1s the satellite health informa-
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tion, indicates a problem with the satellite, control goes to
step ST23 as 1n the first embodiment.

However, 11 1n step S122 the satellite health information
72a (SVhealth) 1n FIG. 11, which 1s the acquired satellite
health information, indicates the satellite 1s functioning nor-
mally, control goes to step ST31.

In step ST31 the time 1s stored as the successiul reception
time. More specifically, the time-oif-successtul-reception
acquisition program 306 in FIG. 10 stores the time informa-
tion from the Z count data acquired from the GPS satellite 15
which the satellite health information 72a (SVhealth) 1n FIG.
11 indicated 1s normal as the time-of-previous-successiul-
reception data 75a 1n the time-of-previous-successiul-recep-
tion storage unit 75 in FIG. 11.

The time-of-previous-successiul-reception data 75a stored
in the time-of-previous-successiul-reception storage unit 75
in FIG. 11 1s therefore the time when the reception of the
satellite signal from the GPS satellite 15 was successiul.

Control then goes to step ST24 1n FI1G. 9 as described 1n the
first embodiment.

The reception time (reception period) 1n this case 1s shown
by sequence (b) 1n the reception time (reception period) chart
in F1G. 16. FIG. 16 (b) shows that the GPS device 40 starts the
reception operation from approximately 10 seconds before
the beginnming of subframe 1, and operates only for the time
required to get the data in word 3 after the Z count (TOW) data
from subirame 1.

The reception time 1s therefore next shortest to the recep-
tion time of sequence (a) in FIG. 16. Power consumption can
therefore be reduced, and the time can be adjusted more
accurately using the updated week number data.

More specifically, as described above, the GPS device 40 of
the GPS wristwatch 10 according to the second embodiment
of the invention additionally has a health evaluation unait that
determines the condition of the GPS satellite 15 based on the
satellite health information 72a, and 1s an arrangement for
getting the satellite health information 72a when a predeter-
mined time has passed after the time-of-previous-successiul-
reception data 75a. The GPS device 40 1s an example of a
reception unit. The GPS satellite 15 1s an example of a posi-
tioming information satellite. The satellite health information
72a1s an example of a positioning information satellite health
information.

As a result, 1f the condition of the GPS satellite 15 has
changed since the previous signal reception, the time can be
adjusted according to the condition of the satellite. If 1t 1s
determined that there 1s a problem with the GPS satellite 135
the Z count from the GPS satellite 15 1s not used to adjust the
time. As a result, the time will not be adjusted based on the Z
count from an unhealthy GPS satellite 15. The subsequent
steps are the same as described 1n the first embodiment above.
The GPS satellite 15 1s an example of a positioning informa-
tion satellite. The Z count 1s an example of satellite time
information from a positioning information satellite.

Embodiment 3

A GPS wristwatch 10 according to a third embodiment of
the invention 1s substantially identical to the first embodiment
described above, like parts are therefore i1dentified by the
same reference numerals and the following description
focuses on the differences between the embodiments.

More specifically, the GPS wristwatch 10 according to this

embodiment of the mvention shares the arrangement shown
in FIG. 1 to FIG. 4 and FIG. 6 with the first embodiment as
described above.
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FIG. 15 1s a flow chart describing the operation of the GPS
wristwatch 10 according to this third embodiment of the
invention. The operation of the GPS wristwatch 10 according
to this third embodiment of the invention 1s substantially the
same as the first embodiment, and FIG. 15 therefore shows
only the part that differs.

More specifically, the steps before and after the segment
shown in F1G. 15 are 1dentical to the steps of the first embodi-
ment. In the flow charts shown in FIG. 8 and FIG. 9, the
sequence from the beginning through the reception timing
step 1n ST10 to the step of confirming the Z count data of
subirame 1 1n step ST17, proceeding to ST18 through step
ST20 and looping back to step ST10 11 step ST17 returns no,
and the steps of adjusting the time and then ending 1n steps
ST21 to ST28 are the same. FIG. 15 1s therefore shown
omitting part of the process.

The flow chart in FIG. 12 therefore adds steps to the
sequence after veriiying 1 the Z count data of subirame 1 was
acquired 1n step ST17.

More specifically, the third embodiment differs from the
first embodiment 1n that a step of confirming 1f the calendar
information of the GPS wristwatch 10 has changed or been
deleted, a step of acquiring the week number data, and a step
of updating the calendar information, are added between step
ST17 and step ST21.

To accommodate these steps added to the flow chart, addi-
tions are also made to the program storage unit and the data
storage units shown in FIG. 4 as shown schematically in FIG.
13 and FIG. 14.

FIG. 13 shows the program storage umt 250, and FIG. 14
shows the second data storage unit 270. As described 1n the
first embodiment, the program storage umt 250 and second
data storage umt 270 are shown separately simply for conve-
nience describing their function and operation. What differs 1s
the addition of a week number acquisition program 508, a
calendar information confirmation program 509, and a calen-
dar information replacement program 310 to the program
storage unit 250 1n FIG. 13, and the addition of week number
data 76a 1n a week number data storage unit 76, calendar
information 77a 1n a calendar information storage unit 77,
and calendar replacement history data 78a in a calendar
replacement history storage unit 78 1n the second data storage
unit 270 shown 1n FIG. 14.

The operation of the GPS wristwatch 10 according to this
third embodiment of the imnvention 1s described below with
reference to FIG. 13, FIG. 14, and the flow chart in FIG. 15
while focusing on the differences with the first embodiment.

As described above, step ST17 determines based on the Z
count data acquired from the GPS satellite 135 11 it 1s the Z
count data from subirame 1. If the Z count data from subirame
1 1s verified, control goes to step ST40 1n FIG. 15.

Whether the calendar information was changed or deleted
1s then determined 1n step ST40.

More specifically, the calendar information confirmation
program 509 in FIG. 13 checks the calendar replacement
history data 78a 1n the calendar replacement history storage
unit 78 in FIG. 14, and determines 11 the calendar information
77a 1 the calendar information storage unit 77 has changed
or been deleted.

The calendar replacement history data 78a in the calendar
replacement history storage unit 78 records information
about the calendar information 77a being changed and infor-
mation about the calendar information 77a in the calendar
information storage unit 77 being reset as a result of the user
operating a button, for example.

In such cases the GPS wristwatch 10 must update and
correct the calendar information 77a.
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If step ST40 detects a change, control goes to step ST41.

In step ST41 the GPS device 40 acquires the week number
(WN) data after getting the Z count of subiframe 1 in the
navigation message that 1s the satellite signal from the GPS
satellite 15.

More specifically, the week number (WIN) acquisition pro-
gram 508 in FIG. 13 gets the week number (WN) data from
word 3 following the Z count of subirame 1 in the navigation
message that 1s the satellite signal from the GPS satellite 15,
and stores it as the week number data 764 1n the week number
data storage unit 76 1n FIG. 14. As described above, because
the week number (WN) data 1n the navigation message that 1s
the satellite signal 1s contained 1n word 3 of subirame 1, the
stop reception determination program 37 in FIG. 13 decides
to keep the GPS device 40 operating until this word 3 1s
received. The week number (WN) acquisition program 508 in
FIG. 13 then gets the week number (WN) data from the
received word 3, and stores the week number (WN) as the
week number data 76a 1n the week number data storage unit
76 1n FI1G. 14.

Then 1n step ST42 the calendar information replacement
program 510 1n FIG. 13 updates the calendar information 77a
in the calendar information storage unit 77 in FIG. 14 based
on the week number data 76a 1n FIG. 14.

However, 11 step ST40 determines there was no change,
control goes to step ST21. This step 1s the same as described
in the first embodiment, and further description 1s omitted
here. Operation from step ST21 1s identical to the first
embodiment.

Week number data 76a (as an example of the week number
information (WN)) that 1s a continuous count since the origin
of the satellite time information 1s therefore contained in
subirame 1 (as an example of a first subirame unit). If the
calendar information 77a (as an example of calendar infor-
mation) has changed, the GPS device 40 (as an example of a
reception unit) acquires the week number data 76a (as an
example ol week number information), and the calendar
information 77a (as an example of calendar information) 1s
adjusted by the calendar information replacement program
510 based on the week number data 76a (as an example of the
week number information (WN)).

As a result, if the calendar information 77a of the GPS
wristwatch 10 1s changed or reset by the user, the week
number data 76a can be acquired and the calendar informa-
tion 77a can be corrected, thereby improving user conve-
nience.

The mvention 1s not limited to the embodiments described
above. The foregoing embodiments are described with refer-
ence to a GPS satellite, but the invention 1s not limited to GPS
satellites can be used with Global Navigation Satellite Sys-
tems (GNSS) such as Galileo and GLONASS, and other
positioning information satellites that transmait satellite sig-
nals containing time nformation, including the SBAS and
other geostationary or quasi-zenith satellite.

The invention being thus described, 1t will be obvious that
it may be varied in many ways. Such variations are not to be
regarded as a departure from the spirit and scope of the
invention, and all such modifications as would be obvious to
one skilled in the art are intended to be included within the
scope of the following claims.

What 1s claimed 1s:

1. A time adjustment device comprising:

a reception unit that receives a satellite signal transmitted
from a positioning information satellite;

a time information generating unit that generates time
information;
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a generated time information storage unit that stores the
time information generated by the time information gen-
crating unit as generated time information; and

a starting information generating unit that generates infor-
mation before the beginning of a specific unit of the
satellite signal that 1s transmitted in specific umts from
the positioning imnformation satellite as before-starting
information based on the generated time mnformation;

wherein the reception unit has

a starting unit that starts searching for the positioning
information satellite at a predetermined timing based
on the before-starting information, and

a stopping umt that detects the specific unit of the satel-
lite signal and stops searching for the positioning
information satellite; and

the generated time information 1s corrected at the timing
when the reception unit stops; and wherein

the specific unit of the satellite signal 1s a frame 1nforma-
tion unit wherein multiple subiframe information units
containing at least the satellite time information consti-
tute one frame information unait;

the reception unit receives the satellite time information 1n
the first subframe information unait;

the first subframe information umt contains positioning
information satellite health information denoting the
condition of the positioning information satellite;

the reception unit acquires the positioning information sat-
cllite health information when a specific time has passed
since the last time the generated time 1information was
corrected; and

the time adjustment device further comprises a health
evaluation unit that determines the condition of the posi-
tioning information satellite based on the positioning
information satellite health information.

2. The time adjustment device described i claim 1,

wherein:

the specific unit of the satellite signal includes satellite time
information that 1s time information from the position-
ing information satellite;

the reception unit includes a decision unit that acquires the
satellite time mnformation and determines 1f the satellite
time information 1s correct; and

the time adjustment device further comprises:

a satellite time information storage unit that stores the
satellite time mformation determined by the decision
unit to be correct as correct satellite time information;
and

a time adjustment unit that produces corrected display
time information by correcting the generated time
information based on the correct satellite time 1nfor-
mation.

3. The time adjustment device described 1n claim 2, further

comprising;

a threshold value offset evaluation unit that determines 11
the difference, which i1s the current time adjustment
amount, between the generated time information and the
satellite time i1nformation 1s outside the range of a
threshold value offset, which 1s a time offset correspond-
ing to the time passed since the generated time informa-
tion when the time was last adjusted;

wherein the time adjustment unit does not adjust the gen-
crated time information based on the current satellite
time information 11 the threshold value oflset evaluation
unit determines that said difference 1s outside the thresh-
old value ofiset range.

4. The time adjustment device described i claim 1,

wherein:
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the before-starting information generated by the starting
information generating unit 1s rendered so that the gen-
crated time information is corrected at either second 0 or
second 30 or a minute when the generated time infor-
mation 1s corrected.

5. The time adjustment device described 1 claim 1,

wherein:

when the health evaluation unit determines that the posi-
tioning information satellite 1s operating normally based
on the positioning information satellite health informa-
tion,

the reception unit additionally acquires the satellite time
information in the next subirame information unit of the
satellite signal 1t the threshold value oflset evaluation
umt determines the threshold value offset range 1is
exceeded;

the time adjustment device further comprises a satellite
time nformation storage unit that stores the satellite
time information from the subiframe information units as
satellite time information data; and

the time adjustment unit 1s an arrangement that adjusts the
generated time information using the satellite time infor-
mation data from one of at least two subiframe informa-
tion units of which the satellite time information data 1s
within the ofiset between the subirame information
units of the satellite signal.

6. The time adjustment device described 1n claim 5,
wherein the reception unit recerves signals from another posi-
tioming information satellite when the health evaluation unait
determines the positioning information satellite 1s not healthy
based on the positioning information satellite health informa-
tion.

7. The time adjustment device described i claim 6,
wherein:

the first subirame information unit includes week number
information, which 1s the number of weeks since the
origin of the satellite time information;

calendar information 1s contained in the internal time
counter of the time information generating unit that gen-
crates the time information of the time adjustment
device,

the reception unit acquires the week number information
when the calendar information changes, and

the calendar information 1s adjusted based on the week
number information.

8. A timekeeping device with a time adjustment device

comprising;

a reception umt that receives a satellite signal transmitted
from a positioning information satellite;

a time information generating unit that generates time
information;

a generated time mformation storage unit that stores the
time information generated by the time information gen-
erating unit as generated time information; and

a starting information generating unit that generates infor-
mation before the beginning of a specific umt of the
satellite signal that 1s transmitted in specific units from
the positioning information satellite as before-starting
information based on the generated time information;

wherein the reception unit has
a starting umt that starts searching for the positioning

information satellite at a predetermined timing based
on the before-starting information, and
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a stopping umt that detects the specific unit of the satel-
lite signal and stops searching for the positioning
information satellite; and

the generated time information 1s corrected at the timing
when the reception unit stops; and wherein

the specific unit of the satellite signal 1s a frame 1nforma-
tion unit wherein multiple subiframe information units
containing at least the satellite time information consti-
tute one frame information unait;

the reception unit receives the satellite time information 1n
the first subframe information unait;

the first subframe information unit contains positioning
information satellite health information denoting the
condition of the positioning information satellite;

the reception unit acquires the positioning information sat-
cllite health information when a specific time has passed
since the last time the generated time information was
corrected; and

the time adjustment device further comprises a health
evaluation unit that determines the condition of the posi-
tioning information satellite based on the positioning
information satellite health information.

9. A time adjustment method comprising:

a time information generating step of generating time
information;

a generated time nformation storage step of storing the
time information generated by the time information gen-
erating step as generated time mformation;

a starting information generating step of generating infor-
mation before the beginning of a specific unit of the
satellite signal that 1s transmitted 1n specific units from a
positioning 1nformation satellite as before-starting
information based on the generated time mnformation;

a reception step including a starting step that starts search-
ing for a positioning information satellite at a predeter-
mined timing based on the before starting information,
and

a stopping step that detects the specific unit of the satellite
signal and stops searching for the positioning informa-
tion satellite; and

a step of correcting the generated time information at the
timing when the stopping step of the reception step stops
reception; and wherein

the specific unit of the satellite signal 1s a frame 1nforma-
tion unit wherein multiple subiframe information units
containing at least the satellite time information consti-
tute one frame information unit; and comprising

recerving the satellite time information 1n the first subiframe
information unit; and wherein

the first subframe information umt contains positioning
information satellite health information denoting the
condition of the positioning information satellite; and
comprising,

acquiring the positioning information satellite health infor-

mation when a specific time has passed since the last
time the generated time information was corrected; and

determining the condition of the positioning information
satellite based on the positioning information satellite
health information.
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